Antimicrobial resistance (AR) is a worldwide concern. Up to a 160% increase in antibiotic usage in food animals is expected in Latin American countries. The poultry industry is an increasingly important segment of food production and contributor to AR. The objective of this study was to evaluate the prevalence, AR patterns and the characterization of relevant resistance genes in Extended Spectrum β-lactamases (ESBL) and AmpC-producing E. coli from large poultry farms in Ecuador. Sampling was performed from June 2013 to July 2014 in 6 slaughterhouses that slaughter broilers from 115 farms totaling 384 flocks. Each sample of collected caeca was streaked onto TBX agar supplemented with cefotaxime (3 mg/l). In total, 176 isolates were analyzed for AR patterns by the disk diffusion method and for bla CTX-M , bla TEM , bla CMY , bla SHV , bla KPC , and mcr-1 by PCR and sequencing. ESBL and AmpC E. coli were found in 362 flocks (94.3%) from 112 farms (97.4%). We found that 98.3% of the cefotaxime-resistant isolates were multi-resistant to antibiotics. Low resistance was observed for ertapenem and nitrofurantoin. The most prevalent ESBL genes were the ones belonging to the bla CTX-M group (90.9%), specifically the bla , bla and bla alleles. Most of the AmpC strains presented the bla CMY-2 gene. Three isolates showed the mcr-1 gene. Poultry production systems represent a hotspot for AR in Ecuador, possibly mediated by the extensive use of antibiotics. Monitoring this sector in national and regional plans of AR surveillance should therefore be considered.
Introduction
Antimicrobial resistance (AR) is a worldwide concern. It is expected that deaths linked to AR could rise from 700,000 to 10 million deaths per year by 2050 [1] . On the other hand, In developed countries, an estimated 23,000 (United States) to 25,000 (Europe) deaths are attributable to resistant pathogens each year [2] .
In terms of economic loses, AR could cause a global loss of production as high as 100 trillion dollars which represents a huge impact on the economy of all countries, especially a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Isolation and identification of ESBL/AmpC E. coli
Caeca from each flock were immersed in 98% ethanol to eliminate surface bacteria present due to human handling. After evaporation of the ethanol, approximately 1 g of fecal content from each of the 25 samples was collected and pooled in a sterile plastic bag. The pooled sample was homogenized by hand for 1 minute.
Each sample was streaked onto chromogenic Tryptone Bile X-Glucuronide (TBX) agar (BioRad) supplemented with cefotaxime (3 mg/l) [22] . Positive plates where considered when at least one typical colony could be selected (when possible, two sample colonies were selected) and confirmed to be E. coli using Triple Sugar Iron agar (Difco, BD) and by PCR [23] . From this medium, one loopful was used to extract DNA by the boiling method. Another loopful was used to subculture the isolate in trypticase soy broth (Difco, BD) and stored with glycerol (60%) at -80˚C. All cefotaxime resistant E. coli isolates were further examined for the presence of ESBL using ceftazidime, ceftazidime/clavulanate, cefotaxime, cefotaxime/clavulanate disks [24] and for the AmpC phenotype using boronic acid, ceftazidime and cefepime disks [25] . [35] for bla CTX-M-14-like . Additionally, Isolates were tested by PCR for the presence of mcr-1 [36] and mcr-2 [37] plasmid genes. Amplification products were confirmed by gel electrophoresis using a 1% agarose gel. All PCR products were purified and sequenced at Macrogen Inc. (Seoul, South Korea). Obtained sequences were aligned against reference sequences with the online tool ResFinder 2.1 with an identity threshold of 100% [38] . MIC values for ampicillin, piperacillin-tazobactam, cefoxitin, ceftazidime, ceftriaxone, cefepime, doripenem, ertapenem, imipenem, meropenem, amikacin, gentamicin, ciprofloxacin, tigecycline and colistin were obtained on mcr positive isolates using the Vitek 2 system with the AST-N272 card (Biomérieux, Marcy-l'Étoile, France). MIC values for colistin were confirmed by microdilution using GNX2F plates (Thermo Scientific,West Palm Beach, USA) The results were evaluated using the breakpoints recommended by CLSI (2018) [24] .
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Genetic characterization
Fingerprint characterization was performed in selected isolates for AR testing by repetitive element palindromic PCR (REP-PCR) analysis [39] . Bands were analyzed using BioNumerics software V.7.6 (Applied Maths, Sint-Martems-Latem, Belgium). Fragments between 200 bp and 1500 bp in size were included in the analysis. The unweighted pair group method using the arithmetic averages algorithm (UPGMA) with a 1.5% tolerance was used to construct a dendrogram. Patterns with more than one isolate were arbitrarily numbered starting from I and ordered from the most frequent one.
Statistical analysis
To determine the prevalence of E. coli ESBL at the farm level, a farm was considered positive when at least one of the sampled batches was positive. Farms were assumed to be independent.
Differences in antibiotic resistances between ESBL E. coli and AmpC E. coli were calculated by the chi-square test. Proportions were considered significantly different when the P value was below 0.05. 
Results
Prevalence
Antimicrobial resistance patterns
Antimicrobial susceptibility testing grouped ESBL and AmpC E. coli isolates in 26 patterns that showed resistances to between 2 and 7 antibiotic families tested. Resistance patterns to at least 3 antibiotic families (multi-resistant isolates) were present in 98.3% of all tested isolates. Moreover, 92.1% of isolates presented resistance to between 4 and 7 antibiotic families. Pattern number 3 was the most common one for ESBL and AmpC isolates with resistance to all tested groups of antibiotics with the exception of nitrofurantoin (Table 1) , while 9.7% of tested E. coli isolates presented resistance to all tested groups of antibiotics.
Number of isolates and AR rates for ESBL and AmpC E. coli isolates are shown in Table 2 . Low resistance rates were observed for ertapenem followed by nitrofurantoin. For the remaining antibiotics, resistance rates ranged from 29,1% to 93.9%. Antibiotics for which significant differences were observed between ESBL and AmpC isolates were ceftazidime, kanamycin and gentamicin. Resistance to ceftazidime and kanamycin was more frequent in AmpC isolates while in ESBL isolates resistace to gentamicin was more frequent (Table 2) .
Four isolates from the ESBL group (n = 110; 1CT86A, 1CT109B, 1CT136A and 1CT160A) and 2 isolates from the AmpC group (n = 66; 1CT22A and 1CT188B) were positive for the mcr-1 gene. The six isolates originated in different farms. MIC values of these isolates are shown in Table 3 . All these isolates presented resistance to ceftriaxone, and colistin. Resistance to doripenem, imipenem, amikacin and tigecycline was not identified in any isolate.
Genetic characterization
Sequencing of genes in isolates with ESBL phenotype (n = 110) showed that the most prevalent family of genes was bla CTX-M (90.9%) . Forty-eight (43.6%) and 9 (8.2%) bla CTX-M positive isolates presented the bla TEM-1A or bla TEM-1B , and bla SHV-5 alleles respectively. Three isolates had the bla TEM-176 gene and 1 isolate presented the bla SHV-153 gene. Three and one isolates presented only bla and bla respectively . One and 4 isolates presented only bla TEM-1A or bla TEM-1B genes respectively (4,5%) which do not hydrolyze cefotaxime. Within isolates that presented genes of bla CTX-M family (n = 100), bla CTX-M- 65 , bla CTX-M- 55 and bla CTX-M-3 accounted for 77 isolates. One isolate was not positive for any of the studied ESBL genes (Table 4) . Of the 66 AmpC isolates, 7 were PCR negative for bla cmy , 58 were positive for bla cmy-2 , and 1 isolate was positive for bla cmy-46 . None of the 176 tested isolates were positive for bla KPC or mcr-2.
REP-PCR delivered 121 genotypes (S1 Fig) from which 22 grouped to more than one isolate (Table 5) .
Genotypes II, III, IV, XVI and XVII were present in both ESBL and AmpC isolates. In total, genotypes I and II were the most common ones, with 14 and 11 isolates, respectively. ESBL and AmpC isolates from each genotype originated from different farms.
Discussion
The aim of this research was to study AR in E. coli from intensive poultry farming. The sparseness of this kind of data from Latin America makes this study one of the few available reports that demonstrate the extent of ESBL/AmpC E. coli in commercial poultry in the region [40] [41] [42] . Nonetheless, developed countries have also reported both a high prevalence of ESBL E. coli and the presence of multiresistant isolates from broiler flocks [43, 44] .
Similar to a previous studie in small-scale poultry farming in Ecuador [45] , this research shows high prevalence of ESBL genes (blaCTX-M) among cefotaxime-resistant E. coli. However, a study carried out in Colombia by Castellanos et al. [41] demonstrates a higher prevalence of AmpC genes (blaCMY) in cefotaxime-resistant E. coli isolates from commercial poultry. Differences in the epidemiologic patterns of enteric bacteria isolated from Ecuadorian and Colombian poultry has been reported before and may be attributed to the ecological characteristics (altitude above 2800 m.a.s.l.) of the boundary between these neighboring countries [13] .
High AR rates and multi-resistance patterns could be related to the intensive use of antimicrobials in poultry production, which in some cases are not only used as therapeutics but also as prophylactics and growth promotors [11, 46] . On the other hand, it has to be considered that the withdrawal of antibiotics from poultry production systems may not result in the diminution of ESBL/AmpC E. coli since ecological factors could be implicated in the dynamics of AR determinants [47, 48] .
Increasing antibiotic resistance and the lack of new antibacterial agents have revived interest in old compounds such as nitrofurantoin in clinical practice [49, 50] . Despite the renewed importance of nitrofurantoin and the known role of food animals in resistance dissemination, only a few studies include this antibiotic in AR screenings [51, 52] . Resistance rates to nitrofurantoin in this study are higher than the ones reported in chicken meat samples (7,9%) in Colombia by Donado-Godoy et al. [52] . Higher resistance to nitrofurantoin in extra-intestinal clinical isolates of E. coli from chickens has been reported in China [51] . Although nitrofurantoin is not used in the poultry industry in Ecuador, surveillance of this antibiotic should carried out in poultry production systems due to the possibility that the resistance to this antibiotic could increase over time.
Carbapenems are not used in the poultry industry in Ecuador, resulting in a lack of selective pressure by this antimicrobial in poultry production. This observation explains the low prevalence of carbapenem-resistant E. coli reported in poultry [53] . Concordantly, we only identified one isolate resistant to ertapenem and meropenem, although carbapenem resistance mediated by bla KPC has been reported in clinical Enterobacteriaceae in Ecuador [54] .
The association of ESBL and AmpC phenotypes with increased prevalence of aminoglycoside resistance has been reported [55] . In our study we identified a significant association of kanamycin resistance with AmpC-producing isolates and gentamicin resistance to ESBL- 
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producing E. coli. Further genetic characterization should be performed in order to explain whether these ARs are associated with specific genetic environments (the presence of aminoglycosides modifying enzymes), In our study, all selected isolates were resistant to cefotaxime (used for screening), however, AmpC isolates were significantly more resistant to ceftazidime than ESBL isolates. This difference is explained by the enhanced hydrolyzation of ceftazidime by the bla CMY gene product [56, 57] . Several studies throughout the world have reported plasmid-mediated colistin resistance in Enterobacteriaceae pointing to its global emergence [58] . In our study 6 out of 176 isolates (3.4%) were PCR positive for mcr-1 and confirmed as phenotypically colistin resistant. In contrast, a study in Argentina reported that 49% (n = 304) of E. coli isolates recovered from broilers were identified as colistin resistant by microdilution [59] . Another study in Brazil reported that 19.5% of chicken meat samples (n = 41) were positive for mcr-1 [60] . Colistin resistant Enterobacteriaceae have been described in humans and poultry in several Latin American countries [61, 62] . Considering these findings and because colistin has been largely used as a growth promotor in Latin America, the poultry industry could be considered an important hotspot for this kind of resistance. Additionally, it has to be considered that although we did not find mcr-2 in our study, up to 8 genetic determinants for colistin resistance have been described [63] [64] [65] . Therefore, a search for more genetic determinants along with a phenotypic screening assay should be conducted to better understand the epidemiology of colistin resistance in poultry from Ecuador.
Genes of the bla CTX-M family have been the most prevalent ones in poultry production, even when there is no selective pressure due to antibiotic usage [47, 66] . In our study, [40, 42, 67] In our case, bla CTX-M-8 and bla CTX-M-2 were present as a small proportion. Other genes such as bla , bla SHV-153 and bla TEM-176 were found in lower proportions which agrees with the mentioned studies. In Ecuador, there are no data about bla CTX-M-65 in E. coli from poultry. However, this variant has been identified in Salmonella from poultry and in human clinical samples in Ecuador [68] . Likewise, bla CTX-M-3 and bla CTX-M-55 have been identified in human infections [36, 69] . These findings suggest the presence of plasmids carrying these variants in our environment. Therefore, transmission of resistance determinants from poultry to human may occur, but further evidence is needed to confirm this hypothesis. Finally, 6 isolates did not present ESBL or AmpC genes. In these cases, a broader panel of beta-lactamases genes should be used to identify the genetic determinants of resistance in these isolates.
Cross-contamination between farms could explain our finding that the same ESBL and AmpC genotypes originated from more than one farm. This idea is supported by other studies that found that Salmonella and Campylobacter isolated from different poultry farms are clonally related [70, 71] . In Ecuador, climatic and social factors lead to most poultry houses having an open configuration in which implementation of rigorous biosecurity is difficult. Spread of bacterial genotypes among farms and integrated companies can therefore be a common event [72, 73] . This highlights the importance of implementing effective biosecurity systems aiming not only to avoid the spread of AR but also to improve poultry health. Additionally, the contribution of factors like contamination of one-day-old chicks or feed should be studied in the future to obtain more insights on clonal relatedness of AR bacteria. It must be considered that, despite the relatively high concentration of cefotaxime used for screening of ESBL/AmpC phenotypes, a large number of isolates were recuperated.
In conclusion, poultry production systems represent a hotspot for AR in Ecuador, possibly mediated by the extensive use of antibiotics in this industry. Monitoring this sector in national and regional plans of AR surveillance should therefore be considered. 
Supporting information
